ABSTRACT. Blood samples were taken from eight multiparous cows at a dairy farm on eight occasions between the prepartum period and peak lactation to study the serum concentrations of amino acids and biochemical constituents. The cows were classified as having either severe hepatic lipidosis (HL) or non-hepatic lipidosis (non-HL) according to their clinical condition after calving and changes in serum biochemical parameters. The serum concentrations of β-hydroxybutyric acid were higher in the HL group than in the non-HL group (ANOVA: p<0.01). The serum concentrations of methionine (Met), phenylalanine, and arginine were significantly different between the two groups (ANOVA: p<0.05). In particular, the Met levels were significantly low for 14 days after calving in the HL group (p<0.05), although Met levels in the HL group tended to be lower than the values in the non-HL group until 30 days after calving, starting 14 days before calving. The results suggest that an insufficiency of Met during the periparturient period is related to the development of hepatic lipidosis. KEY WORDS: dairy cow, fatty liver, free amino acid.
During the periparturient period, many cows exhibit decreased dry matter intake (DMI), subclinical ketosis, periparturient disease, and loss of hepatic and immune function [5] [6] [7] 13] . Towards the end of pregnancy, nutritional requirements are elevated in order to support growth of the fetus, placenta, and mammary tissue [1] . In most dairy cows in the close-up stage of pregnancy, fat, glycogen, and protein that has accumulated in body tissues are mobilized and mechanisms to make use of them as energy function because consumption of energy exceeds intake at this stage [9] . In particular, fat in adipose tissues is mobilized easily in the blood as free fatty acid (FFA) to supply the energy required for numerous changes in the endocrine status, the extent of the physiological stress, and metabolism to prepare for parturition and lactogenesis. When the deficiency of energy is remarkable and the FFA concentration increases markedly, sensitivity to insulin and appetite decrease [14] . Furthermore, at this close-up stage, almost all of the dairy cows suffered from accumulation of large quantities of fat and lipids into liver cells. It has been reported that this condition is important as a risk factor for periparturient diseases [7] .
On the other hand, FFA imported into hepatic cells were converted into triglyceride (TG) and subsequently very low density lipoprotein (VLDL) and other TG-rich lipoproteins, which were then excreted into the blood from the cells [6] . When the level of methionine is insufficient, it is assumed that conversion of TG into VLDL is suppressed and that TG accumulates in hepatic cells as a result [2, 3, 8] . However, there are almost no reports regarding the relationship between insufficiency of the level of methionine and hepatic lipidosis in dairy cows. This investigation compared the serum free amino acid (FAA) concentrations between dairy cows with severe hepatic lipidosis and normal dairy cows with normal liver function as a control during the peripartrient period.
The cows used in this study were fed along with 250 cows from a dairy farm, and each was multiparous. The cows were fed roughage containing alfalfa, timothy, and sudan hays, to which a commercial combination feed (TDN 74.2%), brewers grain, soybean meal, soy sauce cake, and mineral supplements were added in the proper amounts. The daily feed combination was TDN/DW (71.3%), CP/DM (17.1%), UIP/CP (36.9%), fat/DM (4.2%), ADF/DM (22.8%), NDF/DM (36.6%), starch (20.0%) and DM/BW (4.5%). The experimental cows were sampled from a population of 35 cows at the farm that had calving scheduled within relatively the same time period. Four of the cows (Nos. 1, 2, 3, 4) had a BCS of 3.75 or more during the closeup period, and after calving, a decrease in appetite, excretion of fetid and sludged feces, and symptoms indicating a displaced abomasum (only No. 1) were identified. Furthermore, they had remarkable rises in their FFA and BHBA serum levels. Because the cows presenting these symptoms and biochemical values were diagnosed, by applying the diagnostic standards for fatty liver described by Ito et al. [10, 14] , as having heavy fatty livers, the authors classed these four cows as a cow group with hepatic lipidosis (HL group). Furthermore, pathohistological findings (H&E stain) for sections sampled by liver biopsy showed serious hepatic lipidosis in all of these cows. The other four cows (Nos. 5, 6, 7, 8) , which had no abnormal findings during the periparturient period identified in their clinico-biochemical exerminations, were classed as having non-hepatic lipidosis (non-HL group), and used as control cows (Table 1) .
Blood was collected from the jugular vein on eight occa-sions (-30, -14, -7, 1, 7, 14, 30, and 60 days relative to the day of calving). Blood samples were cooled immediately and centrifuged for 15 min at 2,200 G. Serum and plasma were stored at -30°C for biochemical analysis. The concentrations of methionine (Met), lysine (Lys), valine (Val), leucine (Leu), isoleucine (Ile), phenylalanine (Phe), tryptophan (Trp), histidine (His), arginine (Arg), and threonine (Thr) in the serum were determined by high performance liquid chromatography. The concentrations of β-hydroxybutyric acid (BHBA), FFA, glucose (Glu), total cholesterol (TCho), and free cholesterol (FCho), and the activity of aspartate aminotransferase (AST) in the serum were determined using an autoanalyzer (Automatic Autoanalyzer TBA-80FR, Toshiba Medical Systems, Co., Ltd., Tokyo). Lecithin-cholesterol acyltransferase (LCAT) plasma concentrations were determined using an LCAT kit (Anasolv LCAT, Daiichi Pure Chemicals Co., Ltd., Tokyo). BCS was evaluated according to Ferguson [4] . Hepatic tissues were collected from one HL group cow when operations were performed to correct a left-displaced abomasum (No. 1), and from the remaining HL group cows by percutaneous needle biopsy (Nos. 2, 3, 4) between 7 to 14 days after calving. Two-way analysis of variance (ANOVA) was used to analyze the differences between the two cow groups. Student's t-tests were also performed to analyze significant differences between the two groups when blood was sampled. A p-value of <0.05 was considered to be significant.
LCAT activity and concentrations of TCho and FCho in the HL group were significantly lower than in the non-HL group, and the BHBA levels in the HL group were significantly higher than in the non-HL group (ANOVA: p<0.01; Table 2) . Especially, the level of LCAT in the HL group indicated significantly lower levels than for the non-HL group until 30 days after calving, starting at 30 days prepartum (p<0.05). FFA concentrations rose remarkably after calving, although a significant difference was not identified between the groups. The FFA concentrations reflect DMI during the peripartum period [6, 8, 9] . However, there were no significant differences in Glu concentrations, AST activity, and BCS between the two groups. 
Most of the concentrations of serum FAA measured in this study tended to be lower in the HL group than in the non-HL group (Table 3) . But, the levels of Met, Phe, and Arg were significantly different between the two groups (ANOVA: p<0.05). Although the Met levels in the HL group tended to be lower than the values in the non-HL group until 30 days after calving, starting 14 days before calving, the levels of Met for 14 days after calving were significantly low values (p<0.05). Met is consumed in the mammary tissue as a methyl donor for phospholipids and by the liver as a precursor for synthesis of apolipoproteins, which are essential precursors for very-low-density lipoprotein (VLDL) assembly and secretion [2, 3, 8, 12] . In addition, carnitine, which is necessary for the transport of fatty acids through the inner membranes of mitochondria, is synthesized from Met and Lys [11] . Indeed, no studies regarding changes in Met concentration have been reported for hepatic lipidosis in dairy cows, although there are several reports concerning the decrease in apolipoprotein B-100 and VLDL levels. Deficiency of Met should be considered as a cause of insufficiency of DMI in the close-up stage and as the cause of the increases of Met consumption during rapid growth of fetuses and rapid enhancement of milk secretion. Because Met is an essential amino acid, it cannot be converted from other amino acids. Met can easily become a limiting amino acid since there are very few types of feed that contain large amounts of it. Therefore, it is important to raise the Met content in the diet of cows between the close- ] ‡ ] ‡ up and early lactation periods.
In conclusion, the serum concentration of Met was significantly lower in cows with fatty liver before and after calving than in control cows. These results suggest that an insufficiency of Met during the periparturient period is related to the development of hepatic lipidosis.
